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(54) Driving circuit for an organic electroluminescent element, electronic equipment, and 
electro-optical device 



(57) The present invention seeks to provide an or- 
ganic electroluminescent element driving circuit to 
whicli a reverse-bias is applied, with neither substantial 
increase in power consumption nor increase in layout 
space involved. With switches 20-1 and 20-2 arranged, 
electroluminescent elements are set to be in a reverse- 
bias state. The pixels are reverse-biased on the basis 
of a group of predetermined pixels at a time, for exam- 



ple, the pixels are reverse-biased on a pixel-by-pixel ba- 
sis or on a line-by-line basis, or all pixels are reverse- 
biased at a time. In this way, reverse bias can be applied 
without the need for an additional power source, and 
with neither substantial increase in power consumption 
nor increase in layout space involved. The service life 
of the organic electroluminescent element can thus be 
prolonged. 
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Description 

[0001] The present invention relates to a driving cir- 
cuit for driving an active-matrix display device ennploy- 
ing organic electroluminescent elements, and electronic 
equipment and an electro-optical device, incorporating 
the driving circuit, and, more particularly, to a driving cir- 
cuit having the function of applying a reverse-bias volt- 
age to an organic electroluminescent element for con- 
trolling degradation of the organic electroluminescent 
element, and electronic equipment and an electro-opti- 
cat device, Incorporating the driving circuit. 
[0002] It is Icnown that an organic EL display device 
is produced by an-anging a plurality of pixels of organic 
electroluminescent elements, i.e., one of electro-optical 
elements, in a matrix. The organic electroluminescent 
element includes a metal electrode of MgiAg or A1 :Li, 
etc., as a cathode, a transparent electrode such as an 
ITO (Indium Tin Oxide) as an anode, and an organic 
thin-film laminate, including an emission layer, Inter- 
posed between the cathode and the anode. 
[0003] FIG. 9 shows a typical construction of a driving 
circuit for an active matrix display device employing an 
organic electroluminescent element. Referring to FIG. 
9. the organic electroluminescent element is shown as 
a diode 1 0. The driving circuit is composed of transistors 
Tr 1 and Tr 2, each constructed of a thin-film transistor 
(TFT), and a capacitive element 2 storing charge. 
[0004] Both the transistor Tr 1 and the transistor Tr 2 
are of a p-channel TFT. The conduction state of the tran- 
sistor Tr 1 is controlled in response to a charge stored 
in the capacitive element 2 as shown. The capacitive 
element 2 is charged through a data line Vdaja by the 
transistor Tr 2, which is turned on with a selection volt- 
age VsEL dnven low. When the transistor Tr 1 is turned 
on, a current flows through the electroluminescent ele- 
ment 1 0 from the transistor Tr 1 . With the current flowing 
therethrough, the electroluminescent element 10 con- 
tinuously emits light. 

[0005] FIG. 1 0 shows a simple timing diagram for the 
circuit shown in FIG. 9. When data is written, the selec- 
tion voltage ^sel '® driven low as shown FIG. 10. The 
transistor Tr 2 is tumed on, thus charging the capacitive 
element 2. The charge duration is a write period Tyy. An 
actual presentation period follows the write period T^j. 
During the presentation period, charge stored in the ca- 
pacitive element 2 controls the conduction state of the 
transistor Tr 1 . The presentation period Is represented 
by Th as shown. 

[0006] FIG. 11 shows another arrangement of the or- 
ganic electroluminescent element driving circuit. The 
driving circuit shown is described in a paper entitled 
"The impact of Transient Response of Organic Light 
Emitting Diodes on the Design of Active Matrix OLED 
Displays" (1998 IEEE IEDiy/198-875). Refemng to FIG. 
1 1 , there are shown a driving transistor Tr 1 , a charge 
control transistor Tr 2, a first selection transistor Tr 3, 
and a second selection transistor Tr 4 which is turned 



off during a charging period of the capacitive element 2. 
[0007] As is well Icnown, transistors, even complying 
with the same specifications, suffer variations in per- 
formance. Even when the same voltage is applied to the 

s gates of transistors, these transistor do not necessarily 
pemnit current of equal values to flow therethrough. 
Such variations cause nonuniformlty In brightness. In 
the driving circuit, a current source 4 feeds a write cur- 
rent con'esponding to a data signal, and the data signal 

10 thus controls the gate voltage of the transistor. In this 
way, the emission state of the organic electrolumines- 
cent element is controlled. 

[0008] Transistors Tr 1 through Tr 4 are all of a p-type 
channel transistor. When the selection voltage Vsel 

15 driven low, the transistors Tr 2 and Tr 3 are tumed on, 
thereby storing in the capacitive element 2 a charge cor- 
responding to the value of the output of the current 
source 4. When the selection voltage Vsel '® driven 
high, the transistors Tr 2 and Tr 3 are tumed off. The 

20 conduction state of the transistor Tr 1 is thus controlled 
by the charge stored In the capacitive element 2. With 
a data hold control signal Vgp turning on the transistor 
Tr 4, an electroluminescent element 10 is supplied with 
a current corresponding to the charge stored in the ca- 

25 pacitive element 2. This duration of time Is a presenta- 
tion period Th- 

[0009] FIG. 12 shows a simple timing diagram of the 
circuit shown in FIG. 1 1 . When data writing is performed 
by the cunent source 4 as shown in FIG. 12, the selec- 

30 tion voltage Vsel driven low, thereby turning on the 
transistors Tr 2 and Tr 3. The capacitive element 2 is 
thus charged. The charge period equals a write period 
Tyv- With the selection voltage Vsel driven high, the 
transistors Tr 2 and Tr 3 are turned off. With the data 

35 hold control signal Vgp driven low, the conduction state 
of the transistor Tr 1 is determined based on the charge 
stored in the capacitive element 2. The electrolumines- 
cent element 1 0 is supplied with a cun'ent corresponding 
to the charge stored in the capacitive element 2, This 

40 duration of time is a presentation period T^. 

[0010] FIG. 1 3 shows another driving circuit of an or- 
ganic electroluminescent element. The driving circuit 
shown here Is disclosed in Japanese Unexamined Pat- 
ent Application Publication No. 11-272233. As shown, 

45 the driving circuit includes a driving transistorTr 1 which 
supplies an electroluminescent element 10 with a cur- 
rent from a power source during the on state thereof, a 
capacitive element 2 which stores a charge for control- 
ling the conduction state of the transistor Tr 1 , and a 

so charge control transistor Tr 5 which controls the charg- 
ing of the capacitive element 2 in response to an exter- 
nal signal. A voltage ^rscan 's driven low to turn off a 
charge control transistor Tr 7 to cause the electrolumi- 
nescent element 10 to emit light, and then, a reset signal 
V^ig is output. A transistor Tr 6 is included for ad- 
justment purposes. 

[0011] When the electroluminescent element 10 
emits light in the driving circuit, the transistor Tr 6 is 
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turned on, and the capacttive element 2 is charged by 
a transistor Tr 6 through a data line \/ofiTA- Conductance 
between the source and drain of the transistor Tr 1 is 
controlled in response to a charge level of the capacitive 
element 2 to allow a current to flow through the electro- 
luminescent element 10. Referring to FIG. 14, when the 
voltage Vscan driven high to turn on the transistor Tr 
5, the capacitive element 2 is charged through the tran- 
sistor Tr 6. Conductance between the source and drain 
of the transistor Tr 1 is controlled in response to a charge 
level of the capacitive element 2 to allow a current to 
flow through the electroluminescent element 10. 
[0012] Reverse-biasing the organic electrolumines- 
cent element is known as an effective means to prolong 
the service life of the organic electroluminescent ele- 
ment. For example, Japanese Unexamined Patent Ap- 
plication Publication No. 11-8064 discloses a technique 
for prolonging the service life of the organic electrolumi- 
nescent element. 

[0013] To reverse-bias the organic electrolumines- 
cent element using the disclosed technique, an addition- 
al power source for a negative voltage needs to be pre- 
pared and controlled to reverse-bias the organic elec- 
troluminescent element. 

[0014] It is an object of the present invention to pro- 
vide a driving circuit, for driving an organic electrolumi- 
nescent element, which supplies the organic electrolu- 
minescent element with a reverse bias without involving 
an increase in power consumption and a cost increase, 
and to provide electronic equipment, and an electro-op- 
tical device. 

[0015] A first driving circuit of the present invention 
drives an organic electroluminescent display device in 
which a plurality of pixels, each containing an organic 
electroluminescent element, is arranged in a matrix, and 
the first driving circuit includes a reverse-bias setting cir- 
cuit which sets the organic electroluminescent elements 
in a reverse-bias state on an area-by-area basis. 
[0016] A second driving circuit of the present inven- 
tion drives an organic electroluminescent display device 
in which a plurality of pixels, each containing an organic 
electroluminescent element, is arranged in a matrix, and 
the second driving circuit includes a reverse-bias setting 
circuit which sets organic electroluminescent elements 
contained in a predetermined area, from among the or- 
ganic electroluminescent elements, in a reverse-bias 
state. 

[0017] In a third driving circuit of the present invention, 
the reverse-bias setting circuit Includes a switch which 
switches an electrical connection state of at least one of 
electrodes of each of the organic electroluminescent el- 
ements between being connected to a first power 
source line for supplying a first voltage and being con- 
nected to a second power source line for supplying a 
second voltage that is lower in level than the first volt- 
age. 

[001 8] Since the switch is used to switch the connec- 
tion state of the driving circuit between being connected 



to a first power source and a second power source, no 
additional power is required. Without involving an in- 
crease in power consumption and a cost increase, a re- 
verse-bias is supplied to the organic electroluminescent 

s element. In this case, typically, the first power source is 
Vcc, and the second power source Is ground (GND). 
These are existing power sources. The present inven- 
tion is not limited to this arrangement, as long as a volt- 
age difference large enough to cause the organic elec- 

10 troluminescent element to emit light is used. 

[0019] In a fourth driving circuit of the present Inven- 
tion, the reverse-bias setting circuit includes a switch 
which switches an electrical connection state of a cath- 
ode of each of the organic electroluminescent elements 

15 between k>eing connected to a first power source line for 
supplying a first voltage and being connected to a sec- 
ond power source line for supplying a second voltage 
that is lower in level than the first voltage. 
[0020] In a fifth driving circuit of the present invention, 

20 the switches are arranged with one switch for each pixel, 
and the organic electroluminescent elements are set to 
be in a reverse-bias state on a pixel-by-pixel basis by 
controlling the switches. 

[0021] In a sixth driving circuit of the present inven- 
25 tion, the switches are arranged with one switch for each 
line of pixels, and the organic electroluminescent ele- 
ments are set to be in a reverse-bias state on a line-by- 
line basis by controlling the switches. 
[0022] In a seventh driving circuit of the present in- 
30 vention, the switch is arranged with the single switch for 
all pixels, and the organic electroluminescent elements 
of all pixels are set to be in a reverse-bias state by con- 
trolling the switch. 

[0023] In an eighth driving circuit of the present inven- 
ts tion, the switches are arranged with one switch for each 
of particular pixels, and the organic electroluminescent 
elements of the particular pixels are set to be in a re- 
verse-bias state by controlling the switches. 
[0024] A ninth driving circuit of the present invention 
40 drives an electro-optical device In which a plurality of 
electro-optical elements is arranged in a matrix, and in- 
cludes a reverse-bias setting circuit which sets at least 
one of the electro-optical elements in a reverse-bias 
state. 

45 [0025] First electronic equipment of the present in- 
vention includes an active-matrix display device includ- 
ing the driving circuit. 

[0026] A first electro-optical device of the present in- 
vention Includes a driving circuit for actively driving a 

50 display device in which a plurality of pixels, each includ- 
ing an electro-optical element, is arranged in a matrix, 
and the driving circuit includes a reverse-bias setting cir- 
cuit which sets the electro-optical elements in a reverse- 
bias state on an area-by-area basis. 

55 [0027] A second electro-optical device of the present 
invention includes a driving circuit for driving a display 
device in which a plurality of pixels, each including an 
electro-optical element, is arranged in a matrix, and the 
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driving circuit includes a reverse-bias setting circuit 
which sets electro-optical elements contained in a pre- 
determined area, from among the electro-optical ele- 
ments« In a reverse-bias state. 

[0028] In a third eiectro-optlcal device of the present s 

invention, the reverse-bias setting circuit includes a 
switch which switches an electrical connection state of 
at least one of electrodes of each of the electro- optical 
elements between being connected to a first power 
source line for supplying a first voltage and being con- io 
nected to a second power source line for supplying a 
second voltage that is lower in level than the first volt- 
age. 

[0029] in a fourth electro-optical device of the present 
invention, the reverse-bias setting circuit includes a is 
switch which switches an electrical connection state of 
a cathode of each of the electro-optical elements be- 
tween being connected to a first power source line for 
supplying a first voltage and being connected to a sec- 
ond power source line for supplying a second voltage 20 
that is lower in level than the first voltage. 
[0030] In a fifth electro-optical device of the present 
invention, the switches are arranged with one switch for 
each pixel, and the electro-optical elements are set to 
be in a reverse-bias state on a pixel-by-pixel basis by 25 
controlling the switches. 

[0031] In a sixth electro-optical device of the present 

invention, the switches are arranged with one switch for 
each line of pixels, and the electro-optical elements are 
set to be in a reverse-bias state on a line-by-line basis 30 
by controlling the switches. 

[0032] In a seventh electro-optical device of the 
present Invention, the switch Is arranged with the single 
switch for all pixels, and the organic electroluminescent 
elements of all pixels are set to be in a reverse-bias state 35 
by controlling the switch. 

[0033] In an eighth electro-optical device of the 
present invention, the switches are arranged with one 
switch for each of particular pixels, and the electro-op- 
tical elements of the particular pixels are set to be in a 40 
reverse-bias state by controlling the switches. 
[0034] A ninth electro-optical device of the present in- 
vention includes a driving circuit for driving a matrix of 
electro-optical elements, wherein the driving circuit in- 
cludes a reverse-bias setting circuit which sets at least 45 
one of the plurality of electro-optical elements in a re- 
verse-bias state on an area-by-area basis. 
[0035] In a tenth electro-optical device of the present 
Invention, the etectro-optical element is an organic elec- 
troluminescent element. so 
[0036] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

FIG. 1 is a circuit diagram showing a driving circuit ss 
for driving organic electroluminescent elements in 
accordance with one embodiment of the present in- 
vention. 



FIG. 2 is a circuit diagram showing the construction 
of the organic electroluminescent element driving 
circuit of the present invention. 
FIG. 3 is a cross-sectional view of a pixel circuit in 
the organic electroluminescent element driving cir- 
cuit of the present invention. 
FIG. 4 is a circuit diagram showing another arrange- 
ment of the organic electroluminescent element 
driving circuit of the present invention. 
FIG. 5 Is a circuit diagram showing still another ar- 
rangement of the organic electroluminescent ele- 
ment driving circuit of the present invention. 
FIG. 6 is a waveform diagram showing the opera- 
tion of the organic electroluminescent element driv- 
ing circuit of the present invention. 
FIG. 7 Is a circuit diagram showing another embod- 
iment of the organic electroluminescent element 
driving circuit of the present invention. 
FIG. 8 is a circuit diagram showing still another em- 
bodiment of the organic electroluminescent ele- 
ment driving circuit of the present Invention. 
FIG. 9 Is a circuit diagram showing the construction 
of a conventional organic electroluminescent ele- 
ment driving circuit. 

FIG. 10 is a wavefomi diagram showing the opera- 
tion of the organic electroluminescent element driv- 
ing circuit shown In FIG. 9. 
FIG. 11 is a circuit diagram showing the construction 
of another conventional organic electroluminescent 
element driving circuit. 

FIG. 12 is a wavefomi diagram showing the opera- 
tion of the organic electroluminescent element driv- 
ing circuit shown in FIG. 11 . 
FIG. 13 is a circuit diagram showing the construc- 
tion of yet another conventional organic electrolu- 
minescent element driving circuit. 
FIG. 1 4 is a wavefomi diagram showing the opera- 
tion of the organic electroluminescent element driv- 
ing circuit shown in FIG. 13. 
FIG. 1 5 is a perspective view showing the construc- 
tion of a mobile personal computer as one example 
of electronic equipment that incorporates an active- 
matrix display device including a driving circuit of 
one embodiment of the present invention. 
FIG. 1 6 is a perspective view showing the construc- 
tion of a mobile telephone as one example of the 
electronic equipment that incorporates an active- 
matrix display device including a driving circuit of 
one embodiment of the present invention. 
FIG. 1 7 is a perspective view showing the construc- 
tion of a digital still camera as one example of the 
electronic equipment that incorporates an active- 
matrix display device including a driving circuit of 
one embodiment of the present Invention. 

[0037] The embodiments of the present invention will 
now be discussed, referring to the accompanying draw- 
ings. Like components are identified with lil<e reference 
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numerals throughout the drawings. 

(1) Application of a reverse-bias voltage to a 
conventional driving circuit 

1) Application of a reverse-bias voltage to the circuit 
shown in FIG. 9 

[0038] FIG. 2 is a circuit diagram showing one embod- 
iment of a driving circuit for an active-matrix display de- 
vice that incorporates organic electroluminescent ele- 
ments. Refening to FIG. 2, the organic electrolumines- 
cent element driving circuit of this embodiment includes 
a switch 20- which.switches the connection.of the cath- 
ode of each organic electroluminescent element from a 
second potential (GND) to a first potential (Vcc). To 
cause the organic electroluminescent element 10 to 
emit light, the switch 20 is simply connected to the sec- 
ond potential (Vcc). This state is identical to the state 
shown in FIG. 9. 

[0039] To apply a reverse bias to the organic electro- 
luminescent element 10, the transistor Tr 1 is turned off 
and the switch 20 is set to connect the organic electro- 
luminescent element 1 0 to the first potential (Vcc). Since 
the anode of the organic electroluminescent element 1 0 
cannot be higher than the first potential (Vcc), the or- 
ganic electroluminescent element 10 is reverse-biased. 
[0040] When the parasitic capacitance C of the anode 
of the organic electroluminescent element 10 is small, 
the anode of the organic electroluminescent element 1 0 
rises in potential in response to a potential change in the 
cathode of the organic electroluminescent element 10, 
i.e., a potential rise from the second voltage (GND) to 
the first voltage (Vcc). As a result, the organic electro- 
luminescent element 10 can not be applied with a suffi- 
cient reverse-bias voltage. To apply a sufficient reverse- 
bias voltage, a potential rise in the anode side must be 
restricted. Increasing a wiring parasitic capacitance C 
on the anode side is contemplated as a means to control 
the potential rise. A large reverse-bias voltage can be 
applied by increasing the parasitic capacitance C on the 
anode side, and degradation of the organic electrolumi- 
nescent element 10 is thus effectively controlled. 
[0041] A method of increasing the parasitic capaci- 
tance on the anode will now be discussed, referring to 
FIGS. 3(a)-3(b). A typical cross-sectional construction 
of the organic electroluminescent element Is first dis- 
cussed, referring to FIG. 3(a). 

[0042] A semiconductor thin film Is formed on a glass 
substrate 81. A source region 82 and a drain region 85 
of a transistor are formed within the semiconductor thin 
film. A gate insulator layer 83 covers the source region 
82 and the drain region 85 of the transistor. A gate elec- 
trode 84 Is formed on the gate insulator layer 83. A first 
Interlayer insulator 86 covers the gate electrode 84 and 
the gate insulator layer 83. Connection holes are drilled 
in the gate Insulator layer 83 and the first interlayer in- 
sulator 86. The source region 82 and the drain region 



85 are respectively connected to a source electrode 87 
and a drain electrode 91 by filling the respective con- 
nection holes with an electrically conductive material. A 
.second interiayer insulator 88 covers the source elec- 

5 trode 87. the drain electrode 91 . and the first Interiayer 
insulator 88. The drain electrode 91 Is connected to an 
organic thin-film laminate, including an emission layer 
95, through the anode 89 constructed of ITO. The or- 
ganic thin-film laminate includes at least a hole injection 

10 layer 93 and the emission layer 95. A cathode 97 of the 
organic electroluminescent element is fomied on the or- 
ganic thin-film laminate. The switch 20 switches the po- 
tential of the cathode 97 from the second potential • 
(GND) to the first potential (Vcc). 

IS [0043] The method of increasing the parasitic capac- 
itance on the anode will now be detailed. 

(i) Parasitic capacitance between the source electrode 
and the drain electrode 

20 

[0044] A conductive member is arranged in the vicin- 
ity of wiring between the anode 89 of the organic elec- 
troluminescent element and the transistor to form a par- 
asitic capacitance to the wiring. Specifically, referring to 

25 FIG. 3(b), the parasitic capacitance G is increased by 
setting the separation between the source electrode 87 
and the drain electrode 91 to be narrower than a typical 
distance, or by setting facing areas of these electrodes 
to be larger than the remaining areas. In other words, 

30 the parasitic capacitance G is set up between the source 
electrode and the drain electrode of the driving transis- 
tor. 

(ii) Parasitic capacitance with a metal layer arranged 
35 within the insulator 

[0045] Refening to FIG. 3(c), a metal layer 92 is ar- 
ranged within the first interiayer insulator 86 to increase 
a parasitic capacitance between the metal layer 92 and 
40 the drain electrode 91 . Specifically, the parasitic capac- 
itance C is set up between the metal layer 92 arranged 
within the first interlayer insulator 86 and the drain elec- 
trode 91. 

[0046] By simply resetting the switch 20. the organic 
45 electroluminescent element is put into an emission state 
or a reverse-bias state. No extra negative-voltage power 
source is required. This arrangement involves neither 
increase in power consumption nor additional space re- 
quirement. The switch 20 Is easily constructed by com- 
50 bining a transistor. 

2) Application of a reverse-bias voltage in the circuit 
shown in FIG. 11 

55 [0047] Refemng to FIG. 4, the switch 20 is connected 
to the cathode of the organic electroluminescent ele- 
ment 1 0. When the switch 20 is turned to the first poten- 
tial (Vcc) from the second potential (GND), the organic 
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electroluminescent elennent 10 is set to be in the re- 
verse-bias state using the parasitic capacitance in the 
same way as in the circuit shown in FIG. 2. 

3) Application of a reverse vias voltage in the circuit 
shown in FIG. 13 

[0048] The aboveHnentioned driving circuit shown in 
FIG. 1 3 may include the switch 20 to the cathode of the 

organic electroluminescent element 1 0 in the same way 
as in the circuit shown in FIG. 5. The switch 20 switches 
the cathode of the organic electroluminescent element 
from the first potential (Vcc) to the second potential 
(GND). Using the parasitic capacitance C, the organic 
electroluminescent element 10 is easily put into the re- 
verse-bias state. 

(2) Application of a reverse-bias voltage to a 
predetermined group of pixels 

[0049] When a display device is constructed of the or- 
ganic electroluminescent elements, the organic electro- 
luminescent element corresponds to a single pixel. In 
the arrangements shown in FIG. 2 through FIG. 5, a 
switch is required for each organic electroluminescent 
element, i.e., for each pixel. 

1 ) Application of a reverse-bias voltage to each pixel 

[0050] FIG. 1 shows the connection of pixel circuits 
1-1 , 1-2, each having the respective organic electro- 
luminescent element, with the corresponding switches 
20-1, 20-2, .... 

[0051] As shown, the pixel circuit 1-1 having the re- 
spective organic electroluminescent element is provid- 
ed with the switch 20-1 , and the pixel circuit 1-2 is pro- 
vided with the switch 20-2. Specificaily, one pixel has Its 
own switch having the above-referenced structure. 
These switches are respectively controlled by control 
signals SI and S2. The control signals are input for a 
period of time except a duration of time during which the 
capacitor in each pixel circuit is charged and except a 
duration of time during which the organic electrolumi- 
nescent element 10 emits light, thereby controlling the 
respective switches. In the embodiment shown in FIG. 
4, a control signal S is easily generated referencing the 
selection voltage V^^^ that detemnines the write period 
Tyv and the data hold control signal Vgp that determines 
the display period Th. Specifically, as shown in FIG. 6 
(a), the time other than the write period Tw determined 
by the selection voltage Vsel the display period Th 
detemnined by the data hold control signal V.. becomes 
a reverse-bias period Tg. 

2) Application of a reverse-bias voltage to each line 

[0052] The above-referenced switch may be ar- 
ranged for each line of pixels fomriing a display screen. 



Referring to FIG. 7, a switch 20-1 Is arranged so that it 
is shared by pixel circuits 1-11, 1-12, ... and a switch 
20-2 is arranged so that ft is shared by pixel circuits 1-21 , 
1-22, .... When one switch is arranged for each line, the 
5 number of switches is smaller than in the circuit shown 
In FIG. 1 . It is possible to reduce costs. 
[0053] If the pixels are reverse-biased on a line-by- 
line basis as shown in FIG. 6(b), a given line of pixels is 
in the reverse-bias period Tg, and the remaining lines 
10 of pixels are in either write period or the display pe- 
riod T^. Since a plurality of lines fonning the display 
screen is provided with the respective switches, the pix- 
els are periodically set to be In the reverse-bias state on 
a line-by-line basis. The service life of the organic elec- 
ts troluminescent element is thus prolonged. 

[0054] In the pixel circuit that pemiits the reverse-bias 
period Tg and the write period Ty^ to concurrently take 
place as shown in FIG. 6(c), a given line may be in the 
reverse-bias period T^y or the write period Tw, and the 
20 remaining lines may be in the display period Th- 

3) Concurrent application of a reverse bias to all pixels 

[0055] A single switch is arranged for all pixels form- 
es ing the display screen. By controlling the switch, the or- 
ganic electroluminescent elements for all pixels forming 
the display screen are concurrently put Into the reverse- 
bias state. Referring to FIG. 8, a single switch 20 is 

shared by pixel circuits 1-11,1-12 and pixel circuits 

30 1-21, 1-22. .... and the switch 20 concurrently sets all 
pixels to be in the reverse-bias state. When the single 
switch is shared by all pixels, the number of switches Is 
minimized, which makes it possible to reduce costs. 
[0056] When ail pixels are concurrently set to be In 
35 the reverse-bias state as shown in FIG. 6(d), the time 
length of the reverse-bias period Tg is set so that the 
write period Tw and the display period Th equal each 
other in one frame period F. Referring to FIG. 6(d), the 
reverse-bias period Tq comes first at the beginning of 
^0 the frame period, followed by the write period Tw and 
the display period T^. Altematively, the reverse-bias pe- 
riod Tg may be at any position within the frame period F. 

4) Application of a reverse-bias voltage to particular 
45 pixels only 

[0057] If a color display device employs the organic 
electroluminescent elements, particular organic electro- 
luminescent materials for emitting light of different 

50 colors such as red, green, and blue may be used. When 
different organic electroluminescent materials are em- 
ployed, there occurs a difference in servrce life therebe- 
tween. When the display device is constructed of a plu- 
rality of organic electroluminescent materials, any or- 

55 ganic electroluminescent material having the shortest 
service life determines the service life of the display de- 
vice. Reverse-biasing the particular pixels only is thus 
contemplated. In this case, the following two methods 
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are available, (i) Only organic electroluminescent ele- 
ments for the pixels having shorter life are reverse-bi- 
ased. (!i) The number of times a reverse bias is applied 
to the organic electroluminescent elements for the pix- 
els having shorter life is set to be larger than the number 
of times the remaining organic electroluminescent ele- 
ments will be reverse-biased. In this way, the service life 
of the entire display screen can be prolonged. 
[0058] Some organic electroluminescent display de- 
vice produces an area display that is presented on a por- 
tion of the display screen in a particular color, such as 
orange, blue, green, etc. In such a display device, only 
the organic electroluminescent elements having the 
shortest display life area may be reverse-biased. In this 
way, the service life of the display screen can be pro- 
longed. 

[0059] The driving circuit for the active-matrix display 
device that uses the organic electroluminescent ele- 
ments has been discussed. The present invention Is not 
limited to this type of display device only. For example, 
the present invention may be applied to an active-matrix 
display device employing an electro-optical element, 
other than the organic electroluminescent element, 
such as a TFT-LCD, an FED (Field Emission Display), 
an electrophoresis element, an electric field reversing 
element, a laser diode, or an LED. 
[0060] Several pieces of electronic equipment incor- 
porating the active-matrix display device including the 
above-referenced driving circuit 1 will now be dis- 
cussed. FIG. 15 shows a perspective view showing the 
construction of a mobile personal computer 1100 incor- 
porating the active-matrix display device. As shown, the 
personal computer 1100 includes a main unit 1104 with 
a keyboard 1102, and a display unit 1106. The display 
unit 1106 includes the active-matrix display device 100 
[0061 ] FIG. 1 6 Is a perspective view showing the con- 
struction of a mobile telephone 1200 which incorporates 
the active-matrix display device 100 including the 
above-referenced driving circuit. As shown, the mobile 
telephone 1200 includes a plurality of control buttons 
1202, an ear piece 1204, a mouth piece 1206, and the 
active-matrix display device 100. 
[0062] FIG. 1 7 is a perspective view showing the con- 
struction of a digital still camera 1300 which incorpo- 
rates the active-matrix display device 1 00, including the 
above-reference driving circuit, as a viewfinder. A sim- 
plified diagram of connections with extemal devices Is 
also shown here. In contrast with a sllver-film camera 
that exposes a film to an optical image of an object, the 
digital still camera 1300 generates a video signal by 
photoelectrically converting an optical image of an ob- 
ject through an image pickup device such as a CCD 
(Charge-Coupled Device). The above-referenced ac- 
tive-matrix display device 100 is mounted on the back 
of a case 1302 of the digital still camera 1300. The ac- 
tive-matrix display device 1 00 functions as a view finder 
to display the Image of the object. Arranged on the front 
of the case 1302 (the far side of the case 1302 in FIG. 



1 7) is a photodetector unit 1 304 including an optical lens 
and the CCD. 

[0063] When aphotographerpressesashutterbutton 
1 306 after recognizing the image of an object displayed 

5 on the active-matrix display device 1 00, the image taken 
by the CCD at the moment is transfen^ed to and stored 
in a memory on a circuit board 1 308. The digital still cam- 
era 1300 is provided on the side of the case 1302 with 
a video signal output terminal 1312 and an input/output 

10 terminal 1314 for data exchange. As shown, as re- 
quired, atelevlsion monitor 1430 is connected to the vid- 
eo signal output temnlnal 1312, and a personal computer 
1440 is connected to the input/output temninal 1314 for • 
data exchange. In response to predetermined opera- 

IS tional steps, the video signal stored in the memory of 
the circuit board 1 308 is output to the television monitor 
1430 and the personal computer 1430. 
[0064] Besides the personal computer shown in FIG, 
15, the mobile telephone shown in FIG. 16, and the dig- 

20 ital still camera shown In FIG. 17, the electronic equip- 
ment to which the active-matrix display devtee 100 of 
the present invention is applied may be any of a diversity 
of electronic equipment including a liquid-crystal display 
television, a viewfinder type or direct monitoring type 

25 video cassette recorder, a car navigation system , a pag- 
er, an electronic pocketbook, an electronic tabletop cal- 
culator, a word processor, a workstation, a video phone, 
a PCS terminal, and an apparatus having a touch panel. 
The above-referenced active-matrix display device 1 00 

30 is used as a display unit in each of the above electronic 
equipment. 

[0065] In accordance with the present invention, the 
organic electroluminescent elements are set to be in the 
reverse-bias state on the basis of a group of predeter- 

35 nnined pixels at a time, and the reverse-bias voltage can 
be applied without involving an increase in power con- 
sumption and an increase in layout space requirement. 
The service life of the organic electroluminescent ele- 
ment can be thus prolonged. Using the parasitic capac- 

40 itance, the reverse-bias voltage can be applied without 
the need for an additional power source. The service life 
of the organic electroluminescent element can be fur- 
ther prolonged. 

45 

Claims 

1 . A driving circuit for actively driving an organic elec- 
troluminescent display device in which a plurality of 

50 pixels, each containing an organic electrolumines- 
cent element, are arranged in a matrix, the driving 
circuit comprising a reverse-bias setting circuit 
which sets the organic electroluminescent ele- 
ments to a reverse-bias state on an area-by-area 

55 basis. 

2. A driving circuit for actively driving an organic elec- 
troluminescent display device in which a plurality of 
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pixels, each containing an organic electrolumines- 
cent element, are arranged in a matrix, the driving 
circuit comprising a reverse-bias setting circuit 
which sets organic electroluminescent elements 
contained in a predetemilned area, from among the 
organic electroluminescent elements, to a reverse- 
bias state. 

3. A driving circuit according to one of claims 1 and 2, 
wherein the reverse-bias setting circuit comprises 
a switch which switches an electrical connection 
state of at least one of electrodes of each of the or- 
ganic electroluminescent elements between being 
connected to a first power source line for supplying 
a first potential and being connected to a second 
power source line for supplying a second potential 
that is lower in level than the first potential. 

4. A driving circuit according to one of claims 1 and 2, 
wherein the reverse-bias setting circuit comprises 
a switch which switches an electrical connection 
state of a cathode of each of the organic electrolu- 
minescent elements between being connected to a 
first power source line for supplying a first potential 
and being connected to a second power source line 
for supplying a second potential that is lower in level 
than the first potential. 

5. A driving circuit according to one of claims 3 and 4, 
wherein the switches are arranged with one switch 
for each pixel, so that the organic electrolumines- 
cent elements are set to be in a reverse-bias state 
on a plxel-by-pixel basis by controlling the switches. 

6. A driving circuit according to one of claims 3 through 
5, wherein the switches are arranged with one 
switch for each line of pixels, so that the organic 
electroluminescent elements are set to be in a re- 
verse-bias state on a line-by-line basis by control- 
ling the switches. 

7. A driving circuit according to one of claims 3 and 4, 
wherein the switch is arranged with a single switch 
for all pixels, so that the organic electroluminescent 
elements for all pixels are set to be in a reverse-bias 
state by controlling the switch. 

8. A driving circuit according to one of claims 3 and 4, 
wherein the switches are an-anged with one switch 
for each of particular pixels, so that only the organic 
electroluminescent elements for the particular pix- 
els are set to be in a reverse-bias state by control- 
ling the switches. 

9. A driving circuit for driving an electro-optical device 
in which a plurality of electro-optical elements are 
arranged in a matrix, the driving circuit comprising 
a reverse-bias setting circuit which sets at least one 



of the electro-optical elements to a reverse-bias 
state. 

10. Electronic equipment comprising an active-matrix 
5 display device mounted therein that includes the 

driving circuit according to one of claims 1 through 
6. 

11. An electro-optical device comprising a driving cir- 
10 cuit for actively driving a display device in which a 

plurality of pixels, each including an electro-optical 
element, are arranged in a matrix, the driving circuit 
comprising a reverse-bias setting circuit which sets 
the electro-optical elements to a reverse-bias state 
15 on a predetemnined area-by-area basis. 

12. An electro-optical device comprising a driving cir- 
cuit for actively driving a display device in which a 
plurality of pixels, each Including an electro-optical 

20 element, are arranged in a matrix, the driving circuit 
comprising a reverse-bias setting circuit which sets 
electro-optical elements contained in a predeter- 
mined area, from among the electro-optical ele- 
ments, to a reverse-bias state. 

25 

13. An electro-optical device according to one of claims 
11 and 12, wherein the reverse-bias setting circuit 
comprises a switch which switches an electrical 
connection state of at least one of electrodes of 

30 each of the electro-optical elements between being 
connected to a first power source line for supplying 
a first potential and being connected to a second 
power source line for supplying a second potential 
that is lower in level than the first potential. 

35 

1 4. An electro-optical device according to one of claims 
11 and 12, wherein the reverse-bias setting circuit 
comprises a switch which switches an electrical 
connection state of a cathode of each of the electro- 

40 optical elements between being connected to a first 
power source line for supplying a first potential and 
being connected to a second power source line for 
supplying a second potential that is lower in level 
than the first potential. 

45 

1 5. An electro-optical device according to one of claims 
13 and 14, wherein the switches are arranged with 
one switch for each pixel, so that the electro-optical 
elements are set to be in a reverse-bias state on a 

50 pixel-by-pixel basis by controlling the switches. 

1 6. An electro-optical device according to one of claims 
13 through 15, wherein the switches are anranged 
with one switch for each line of pixels, so that the 

55 electro-optical elements are set to be in a reverse- 
bias state on a line-by-line basis by controlling the 
switches. 
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17. An electro-optical device according to one of claims 
13 and 14, wherein the switch is arranged with a 
single switch for all pixels, so that the organic elec- 
troluminescent elements for alt pixels are set to be 

in a reverse-bias state by controlling the switch. s 

18. An electro-optical device according to one of claims 
13 and 14, wherein the switches are an^anged with 
one switch for each of particular pixels, so that only 
the electro-optical elements for the particular pixels io 
are set to be In a reverse-bias state by controlling 
the switches. 

19. An electro-optical device comprising a driving cir- 
cuit for driving a plurality of electro-optical elements is 
arranged in a matrix, wherein the driving circuit 
comprises a reverse-bias setting circuit which sets 

at least one of the plurality of electro-optical ele- 
ments to a reverse-bias state on an area-by-area 
basis. 

20. An electro-optical device according to one of claims 
11 through 19, wherein the electro-optical element 
is an organic electroluminescent element. 

25 
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FIG. 8 
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